The saturation of gas trapped in porous rocks by capillarity depends on many factors. Herein, we focused on the effect of gas saturation at flow reversal on capillary trapping saturation. To investigate gas trapping in various sandstone cores, experiments were carried out under supercritical conditions. Residual gas saturation increased with increasing initial gas saturation. The local residual gas saturation fluctuated with heterogeneity due to the sedimentary structure. To evaluate the effect of the initial gas saturation on the residual gas saturation at the pore scale, experiments were also carried out under room temperature. For a fixed capillary injection flow rate, the initial gas saturation depended on the pore size distribution and heterogeneity due to the sedimentary layers. For vertical Berea sandstone cores, the capillary entrance pressure, associated with the layered structure, caused injected gas to enter in the porous layer of the core. However, for horizontal cores, injected gas flowed through a few layers with high permeability. On the other hand, for Kimachi sandstone cores, injected gas only entered the large pores, whereas for Tako sandstone cores, it entered both large and small pores. Therefore, high initial gas saturation can be achieved.
Introduction
Geological storage of carbon dioxide (CO 2 ) in deep saline formations, such as aquifers, has been proposed as a viable option for addressing climate change (1) . The density of CO 2 increases with depth, until at around 800 m, where CO 2 is in a dense supercritical state. However, supercritical CO 2 is lighter than the saline aquifer fluids, and because of its buoyancy, stored CO 2 returns to the surface, unless there is an impermeable stratum (cap rock) to confine it. Physical trapping by a cap rock is the dominant mechanism for retaining CO 2 in aquifers. Over time, residual gas trapping (2) - (11) and solubility trapping (12) - (19) tend to be significant mechanisms. These trapping mechanisms also enhance storage security because the risk of leakage does not directly depend on the integrity of the cap rock. In some regions such as Japan, the CO 2 storage capacity in a closed dome structure with proven cap rocks is relatively limited. To utilize aquifers without proven seal structures such as CO 2 storage reservoirs, CO 2 needs to be trapped using residual gas trapping, solubility trapping, as well as physical trapping by a cap rock. Aquifers without lateral confinement may provide vast additional capacity for CO 2 storage. Before the injection of CO 2 , the pore space of the porous rock is filled with water. Because CO 2 displaces water during the CO 2 injection, the saturation of CO 2 after the injection stopped (hereafter, the initial gas saturation) depends on many factors such as the injection flow rate, viscosity ratio of CO 2 and water, buoyancy, and so on. After that CO 2 would move upward due to buoyancy, but some fraction of CO 2 is trapped in porous rocks by capillarity. We define the saturation at this moment as the residual CO 2 saturation. The experimental information on the residual CO 2 saturation as well as the relation between the initial gas saturation and the residual CO 2 saturation is very limited for a supercritical CO 2 and water system. For Berea sandstones, the residual gas saturations are 24.8%-28.2% in a supercritical CO 2 and water system (20) . Krevor et al. (21) observed the relative permeability and residual CO 2 trapping in four sandstone rock samples and showed the relation between the initial CO 2 saturation and the residual gas saturation based on slice-averaged values of X-ray CT images. Akbarabadi and Piri (22) - (23) carried out core flooding experiments at various flow rates in three different sandstone rock samples with an X-ray CT scanner. Pentland et al. (6) measured of the capillary pressure-saturation characteristic curve in addition to observing the residual trapping as a function of the initial CO 2 saturation in a Berea sandstone core. The residual CO 2 saturation of 35 % was observed for the maximum CO 2 saturation of 85 % (6) . Iglauer et al. (24) measured the residual CO 2 saturation of 25 % in a homogeneous Doddington sandstone by using computer microtomography. In addition to that, they analyzed the cluster size distribution of trapped CO 2 bubbles (25) .
The residual CO 2 saturation also depends on a number of factors, such as the entry mechanism of the wetting fluid (either by forced or spontaneous imbibitions), the rate of imbibition, the initial CO 2 saturation, and the properties of the porous media (26) - (30) . We focused on the initial gas saturation, which strongly affects residual gas saturation. Recently, the relations between the initial gas saturation and the residual gas saturation were obtained for several sandstones including Berea at supercritical conditions (6) , (21)- (23) . In this paper, to clarify the relationship between the initial gas saturation and residual gas saturation in sandstone cores, experiments were separately carried out under supercritical conditions and room temperature. To obtain information of gas distribution in the cores, an X-ray computed tomography (CT) scanner was used. For the room-temperature experiments, the direct visualization of pores and trapped gas bubbles was achieved at the pore scale. In natural sandstone cores, both drainage and imbibition processes are influenced by the capillary pressure difference due to the pore size distribution and the heterogeneity of the cores. The effects of these factors on the initial gas saturation and residual gas saturation will be discussed. 
Materials and Methods

Measurement of gas trapping under supercritical conditions
To measure residual gas trapping, experiments were carried out under supercritical conditions (Table 1) . Berea and Kimachi sandstone cores, 15 mm in diameter and 50 mm in length, were used to represent underground formations. Depending on the coring direction, these sandstone cores are distinguished into two types: a vertical core with its sedimentary layers perpendicular to its longitudinal axis, and a horizontal core with its sedimentary layers parallel to its longitudinal axis. An X-ray CT scanner (Comscantechno Co., ScanXmate-RB090SS) was used to obtain images of the pore structure inside the dry core and of the trapped gas distribution after water or gas injection. The residual gas saturation and porosity were calculated on the basis of data from these CT images.
A schematic diagram of the experimental setup under supercritical conditions is shown in Fig. 1 . A high-pressure cell containing a sandstone core was vertically inserted into the CT system. More details about the high-pressure cell can be found in Suekane et al. (31) . In this system, water and CO 2 were pumped into the process line, and the back pressure was controlled using a pressure regulator. Fluids were vertically upward injected into the core, and another high-pressure water circuit provided the sandstone core with an overburden pressure, which was slightly higher than the CO 2 injection pressure. A thermostatic bath was also used to control the temperature of the sandstone core. Before our experiments, to avoid the swelling of clay during the experiments, the sandstone core was baked at a high temperature of 450 ºC, which could cause errors in the experimental results. After baking, the sandstone core was placed in the high-pressure vessel, after which the core was scanned using the CT scanner. Then, the core was filled with water till S w reached 100%, after which the core was scanned again. The CO 2 injection flow rate in the flooding process was 1.0-2.0 ml/min. CO 2 was injected in its liquid phase because the piston head of the injection syringe pump was cooled to below 10 °C. In the pump tubing, CO 2 expanded approximately 3.5 times as it heated up to 40 °C before being injected into the cores. The capillary number (Ca = μ w u/σ, where μ w is the viscosity of water, u is the Darcy velocity of gas phase, and σ is the interfacial tension) of CO 2 injection, was estimated to be between 5.6 × 10 −6 and 1.1 × 10 −5 .
Heating in the tubing caused pulsated gas injection. After flooding, the core reached a condition called the irreducible water condition, and the gas saturation at this condition is called the initial gas saturation, S g *, after which the core was scanned again. Water was then injected into the core to achieve the residual gas condition where the gas saturation is called the residual gas saturation, S gr . To avoid the dissolution of CO 2 , injected water was saturated with CO 2 by using a high pressure vessel at the experimental conditions in advance. After water flooding, the core was scanned to obtain images of the residual gas inside the core. During both flooding processes, the temperature and pressure were maintained at 45 °C and 8.0 MPa, respectively, which correspond to the conditions in underground aquifers about 800 m deep. The water used as the working fluid in the supercritical experiments was doped with 15 wt% sodium iodide (NaI) to enhance X-ray attenuation. The experimental procedures were conducted for both vertical and horizontal types of the Berea and Kimachi sandstone cores. Because of the limited range of the CT scanner, two scans were required to obtain a complete record of the whole core; hence, the upstream and downstream regions were separately scanned. From each CT scan, 305 image slices with a resolution of 93.8 µm/pixel could be obtained (half of the core). Adjustment of CT numbers was performed as follows. A glass rod with a diameter of 2 mm was attached along the core. We used this glass rod and the rubber sleeve of the core as references of CT number. CT number was adjusted so that the brightness of the glass rod and the high pressure vessel were constant throughout the experiments. At this resolution, the pores and trapped gas bubbles inside the core could not be resolved by the CT scanner; thus, gas trapping was measured at the core scale. We used the software ImageJ (32, 33) for image-processing. Conventionally, assuming that the local water saturation was proportional to the CT value, we attempted to estimate the local water saturation, S w (x), for each step, using the following equation: 
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where x denotes any position along the axis of the core, ranging from 0 to 50 mm; CT 0 (x), obtained at S w = 0% (core filled with CO 2 ), denotes the average CT value over the cross-sectional slice vertical to the core axis and passing through position x; CT 100 (x), obtained at S w = 100% (core filled with water), denotes the average CT value over the same cross-sectional slice as CT 0 (x); CT(x) denotes the average CT value over the same cross-sectional slice as CT 0 (x) and CT 100 (x) under the same conditions as S w (x) (the irreducible water or residual gas condition). Using Eq. (1), the water saturation, S w (x), can be calculated, and the gas saturation at the irreducible water or residual gas condition can be expressed as S g (x) = 1 − S w (x).
Measurement of gas trapping under room temperature
In supercritical experiments, controlling the flow rate of gas injection into sandstone cores is difficult because of the phase change caused by heating in the tubing system. Therefore, the experiments were carried out at room temperature with the gas injection flow rate carefully controlled to measure the relationship between the initial gas saturation and residual gas saturation. Another advantage of these experiments was the possibility of the pore-scale imaging of the gas injected into the sandstone cores. An illustration of the experimental setup is shown in Fig. 2 . Vertical and horizontal Berea, vertical Kimachi, and vertical Tako sandstone cores, with the same shape as those used for the supercritical experiments, were used, but were 8 mm in diameter and 15 mm in length (Table 2) . To avoid the swelling of clay during the experiments, the sandstone cores were baked at a high temperature of 450 ºC before the experiments. After baking, to insulate the hydraulic connection between the fluids in the sandstone and the overburden pressure, the core was coated with sleeves made from heat-shrink Teflon tubing. The dry core was CT scanned to obtain its pore structure. It was then placed into a cylinder and submerged in water (all of the water used in the room-temperature experiments was doped with 7.5 wt% NaI to enhance CT attenuation). The cylinder containing the sandstone core in the water was placed in a vacuum. After 1 h at near-zero pressure, the air initially contained in the pores of the core was almost expelled. The cylinder was then removed from the vacuum and left in water delivery pump the open atmosphere for about half an hour to allow water-driven by the pressure difference between atmospheric pressure and the pressure inside the pores-to enter the pores of the core. After this, the pores of the core were perfectly filled with water (S w = 100%). The core was then connected to the flow line, and nitrogen (N 2 ) was injected into it to allow the core to reach the irreducible water condition at a flow rate of 1.0 ml/min (Ca = 4.8 × 10 −6 ). To avoid the dissolution of the gas in the water, we used N 2 (rather than CO 2 ) in this step. To avoid the effect of compressibility of the gas on the flow rate, the N 2 injection flow rate was controlled by a suction-type injection pump connected to the flow line outlet. After N 2 injection, the core was CT scanned while in the irreducible water condition. The pressure of the N 2 reservoir tank that initially controlled to be 0.20 MPa was gradually reduced after the gas breakthrough. Then, to achieve the residual gas condition, the core was connected to the flow line again, and water was injected into the core at a flow rate of 0.21 ml/min (Ca = 1.0 × 10 −6 ), at which point the core was scanned again. Fluids were vertically injected (with respect to gravity). For the room-temperature experiments, 610 CT image slices, with a size of 608 × 608 pixels and a resolution of 20.785 µm/pixel, could be obtained from each scan. Under this resolution, most of the core length could be covered by a single scan. Therefore, only one scan was required to assess the interior structure of the whole core. At this resolution, the pores and trapped gas bubbles could be detected by the CT scanner, which allowed us to directly observe the pore structure and trapped gas distribution at the pore scale, which was not possible in the experiments under supercritical conditions. Adjustment of CT numbers was performed in the same manner of the experiments under supercritical conditions. In the case of direct observation, the threshold value of CT number which separates gas from porous rock and water influence directly on the accuracy of saturation estimation. Based on the images in dry conditions, the threshold Journal of Fluid Science and Technology value was determined so that the image based porosity was to be the closest to the porosity in Table 2 . Sandstone samples used in supercritical conditions and in the room temperature conditions were cored from same sandstone blocks. After the baking, porosity was measured by weighting the cores before and after water injection. Permeability of cores was measured under the high pressure condition with large size cores used in supercritical condition experiments including Tako sandstone ( Table 2 ).
Results and discussion
Gas trapping under supercritical conditions
A series of images were obtained in the supercritical experiments for each sandstone core under the following conditions: (1) dry, (2) water-saturated, (3) irreducible water, and (4) residual gas. Fig. 3 shows the CT values along the axis for the vertical and horizontal Berea sandstone cores under dry (S w = 0%), water-saturated (S w = 100%), irreducible water, and residual gas conditions. The CT values were averaged in each cross-sectional slice (a) (b) Fig. 5 Distribution of the initial gas saturation and residual gas saturation along the axis for vertical (a) and horizontal (b) Kimachi sandstone cores Fig. 6 Relationship between the initial gas saturation and residual gas saturation for the Berea and Kimachi sandstone cores under supercritical conditions. For comparison, the data for Berea sandstone of Pentland et al. (6) (70 ºC, 9
MPa, drainage Ca, N/A, imbibition Ca, 4.1 × 10 -7 ) and El-Magharaby and Blunt (34) Vol. 8, No. 3, 2013 vertical to the axis. The CT value at a position along the axis can be considered to be in proportion to the local water saturation. Therefore, the lowest CT value was obtained under dry conditions, and the highest CT value was obtained under water-saturated conditions, while the irreducible water condition and residual gas condition were obtained between these CT values. For the vertical Berea sandstone core, the CT values at the irreducible water and residual gas conditions fluctuated with the CT value for the dry condition (S w = 0%), as shown in Fig. 3a . In other words, the distribution of trapped gas at the irreducible water and residual gas conditions was affected by the pore structure of the Berea sandstone core. For the horizontal core, the CT values were averaged across the heterogeneity of the layered structure; thus, the CT value in Fig. 3b does not show the fluctuations seen in Fig.  3a .
(a) (b) (c) Fig. 7 Three-dimensional images of the pores (a), the initial gas bubbles (b), and the residual gas bubbles (c) for the vertical Berea sandstone core (a) (b) (c) Fig. 8 Three-dimensional images of the pores (a), the initial gas bubbles (b), and the residual gas bubbles (c) for the horizontal Berea sandstone core
Applying the CT values shown in Fig. 3 , in eq. (1), the distribution of the initial gas saturation and residual gas saturation along the core can be calculated, and the results are shown in Figs. 4 and 5 for the Berea and Kimachi sandstone cores, respectively. Both the initial gas saturation and residual gas saturation fluctuated with the layered structure of the pores in the vertical Berea sandstone core (Fig. 4a) , and where the initial gas saturation was high, the residual gas saturation was also relatively high. For the horizontal Berea sandstone Vol. 8, No. 3, 2013 Journal of Fluid Science and Technology core, the effect of the pore structure heterogeneity on the initial gas saturation distribution and residual gas saturation along the axis has been averaged, as shown in Fig. 4b . The layered structure of the Kimachi sandstone core was not as dramatic as that of the vertical Berea sandstone core; thus, only slight fluctuations in gas saturation along the axis were observed (Fig. 5) . The brightness of each scan process shifted slightly between each scan, which may have caused gaps in the CT results at 25 mm, as shown in Figs. 3, 4 , and 5. Judging from these gaps in saturations shown in Figs. 4 and 5 , the saturation error caused by the variation in CT brightness was less than 4%.
(a) (b) (c) Fig. 9 Three-dimensional images of the pores (a), the initial gas bubbles (b), and the residual gas bubbles (c) for the vertical Kimachi sandstone core (a) (b) (c) Fig. 10 Three-dimensional images of the pores (a), the initial gas bubbles (b), and the residual gas bubbles (c) for the vertical Tako sandstone core
The relationship between the residual gas saturation and initial gas saturation in the Berea and Kimachi sandstone cores is shown in Fig. 6 . Although the effect of the pore-structure heterogeneity of the sandstone cores resulted in small differences in the initial gas saturation, similar residual gas saturation levels were obtained for both vertical and horizontal cores, for Berea and Kimachi sandstone, respectively. The residual gas saturation was around 30% and 12% for the Berea and Kimachi sandstone cores, respectively. This difference is caused by the initial gas saturation, which is discussed in the next section that discusses pore-scale observations. The literature data (Pentland et al. (6) ;
El-Maghraby and Blunt (34) ) for Berea sandstone are also plotted in Fig. 6 . The interfacial tension between supercritical CO 2 and water depends on temperature and pressure as well Vol. 8, No. 3, 2013 as salinity (35) . Kim et al. (36) shows that the brine contact angle on silica increases from neat 0º to 80º depending on ionic strength. The small disagreement between the experimental results would be explained with the change in the experimental conditions. Akbarabadi and Piri (23) show that the initial CO 2 saturation increases very sharply with an increase in gas injection capillary number from 8.7 × 10 -8 to 7.0 × 10 -6 . The initial gas saturation in the present study is around 40 % at the capillary number between 5.6 × 10 -6 to 1.1 × 10 -5 ; the date of Akbarabadi and Piri (23) is in the range between 60 % and 65 % at the capillary number of 7.0 × 10 -6 . In present study, the difference in the initial gas saturation between Berea and Kimachi is very large, even for the same gas injection capillary number. These facts suggest that the initial gas saturation depends on many factors including the interfacial tension as well as the rock properties.
Gas trapping under room temperature
The migration of a non-wetting phase in porous media is influenced by the capillary pressure, buoyancy, and viscous shear stress. The ratio of viscous force to capillary force is called the capillary number, Ca, and the ratio of gravitational force to capillary force is called the bond number, Bo = Δρgd 2 /σ, where Δρ is the density difference between the gas and water, g is the acceleration due to gravity, and d is the characteristic length of the porous media. In a previous paper (29) , the residual gas saturation in a packed bed of glass beads was expressed as a function of the inverse Bond number for both N 2 and supercritical CO 2 . In study, the supercritical and room-temperature experiments were carried out in the same Ca and Bo ranges. Therefore, the effect of viscous shear stress and buoyancy on capillary trapping, with respect to the interfacial tension, would have the same order of magnitude for both supercritical and room temperature. The CT images for the gas-trapping experiments under room temperature had a resolution of 20.785 µm/pixel. At this resolution, we could analyze the gas-trapping results at the pore scale. The results for the vertical and horizontal Berea sandstone cores are shown in Figs. 7 and 8 , respectively. The blue regions indicate pores (Figs. 7a and 8a ) and trapped gas bubbles (Figs. 7b, 7c, 8b, and 8c) . The layered structure of the pores can be observed in Figs. 7a and 8a . The trapped gas distribution at the irreducible water condition, seen in Figs. 7b and 8b, fluctuated with the pore structure, and more gas bubbles appeared in the layers that contained more pores.
For the vertical Berea sandstone core, the injected gas uniformly passed through the whole core during core flooding (so the whole of the core could be utilized for gas trapping), and therefore, high initial gas saturation was achieved, as shown in Fig. 7b . The layered structure of the vertical Berea sandstone core caused the capillary entrance pressure at the interface of the layers and the pore radius to reduce along the gas injection direction. When the displacement front of N 2 reached these interfaces, the N 2 spread through the porous layer in a tangential direction until the pressure exceeded the entrance pressure. Therefore, high initial gas saturation was achieved for the vertical Berea sandstone core. However, the initial gas saturation was very low for the horizontal Berea sandstone core. Injected N 2 flowed through a few layers with high permeability and negligible entrance pressure; therefore, a large portion of the core could not be used for gas trapping, as shown in Fig. 8b . The distribution of the residual gas in the vertical and horizontal Berea sandstone cores, seen in Figs. 7c and 8c, was highly affected by the distribution of the initial gas, seen in Figs. 7b and 8b, respectively. From Fig. 8c , it is particularly apparent that the distribution of residual gas strictly followed the selective distribution of the initial gas (Fig. 8b) .
Three-dimensional visualization results for the vertical Kimachi and Tako sandstone cores are shown in Figs. 9 and 10 , respectively. The blue regions denote pores or trapped gas bubbles. The pore size distribution of Kimachi sandstones had peaks at 0.03 μm, 0.5 μm, and 10 μm (37) . The Kimachi contains a large amount of clay minerals (6.1% quartz, 24.2% feldspar, 25.4% clay minerals, and 28.5% felsite (38) ) which might contribute to the Vol. 8, No. 3, 2013 Journal of Fluid Science and Technology sub-micron size pores. The maximum pressure difference between the inlet and the outlet of the core was lower than 0.10 MPa which is lower than the entrance pressure for the 0.5-μm pores. Injected N 2 only entered the 10-μm pores, which make up a small fraction of the total porosity. As a result, the low initial gas saturation resulted in low residual gas saturation. The low initial gas saturation and low residual gas saturation for the Kimachi sandstone under supercritical conditions could be explained in the same manner. The pore size distribution of the Tako sandstone had peaks at 3.0 and 10 μm (37) . As shown in Fig. 10b, injected N 2 entered both large and small pores, which make up a large fraction of the total porosity. Therefore, high initial gas saturation could be achieved in the Tako sandstone. The pore size distribution of the Berea sandstone had a single peak at 9 μm, but the layered structure was much more prominent than that of the Kimachi and Tako sandstones. The initial gas saturation depends on the pore size distribution and the heterogeneity caused by sedimentary layers. Fig. 11 shows the relationship between the initial gas saturation and residual gas saturation under room temperature and supercritical conditions. The initial gas saturation was lower under room temperature for the Berea cores because the gas injection flow rate was precisely controlled to 1.0 ml/min (Ca = 4.8 × 10 −6 ), while under supercritical conditions, the gas injection flow rate was higher. As a result, the residual gas saturation under room temperature was also reduced, which implies that the initial gas saturation level strongly affected the residual gas saturation. From the room-temperature experiments with the horizontal Berea sandstone, the initial gas saturation obtained was very low because the injected gas selectively intruded into the core along the permeable layers, as shown in Fig.  8b . The difference in the initial gas saturation for the Berea sandstone between supercritical CO 2 and gas N 2 experiments would be explained by the injection flow rate or the wettability. From supercritical condition experiments, as a result of the high injection flow rate, a higher pressure gradient would have been established along the core, and it would have overcome the capillary entrance pressure. Capillary fingering, which is caused by the instability on the interface between CO 2 and water, is also suppressed by the higher pressure gradient. As a result, CO 2 would have been able to enter many more layers under supercritical conditions than under room-temperature conditions. Another possible explanation is the change in the wettability. Recent studies (24) , (36) , (39) more wetting to Berea compared with gas N 2 . The increased water contact angle results in the low capillary pressure which allows supercritical CO 2 to enter many pores. In the Tako sandstone, high initial gas saturation could be achieved even at low injection flow rates. As discussed above, the high initial gas saturation can be explained by the distribution of pore size. However, it is worth pointing out that the initial gas saturation depends on other factors, such as the injection flow rate and buoyancy. The initial gas saturation and residual gas saturation for the vertical Kimachi sandstone core were close to those obtained under supercritical conditions.
Conclusion
To measure residual gas trapping in sandstone cores, experiments were carried out at a pressure of 8.0 MPa and a temperature of 45 ºC, which correspond to the actual conditions in underground aquifers about 800 m deep. An X-ray CT scanner was used for core-scale analysis. The local residual gas saturation fluctuated with the heterogeneity caused by the sedimentary structure. The initial and residual gas distributions were affected by the layered structure of the sandstone cores. Almost the same residual gas saturations were obtained for both vertical and horizontal sandstone cores-about 30% and 12% for the Berea and Kimachi sandstones, respectively.
To measure the relationship between the initial gas saturation and residual gas saturation, experiments were carried out under room-temperature conditions. The gas injection flow rate was carefully maintained at 1.0 ml/min (Ca = 4.8 × 10 −6 ). For room-temperature condition experiments, pore-scale visualization was realized using an X-ray CT scanner. For a fixed gas injection flow rate, the initial gas saturation depended on the pore size distribution and the heterogeneity caused by the sedimentary layers. The effect of the layered structure on the initial gas saturation in the Berea sandstone was much more prominent than that in the Kimachi or Tako sandstones. The layered structure of the vertical Berea sandstone core caused the capillary entrance pressure at the interface of the layers. When the N 2 displacement front reached these interfaces, the N 2 spread through the porous layer in a tangential direction until the pressure exceeded the entrance pressure, allowing a high initial gas saturation to be achieved in the vertical Berea sandstone core. However, the initial gas saturation was very low in the horizontal Berea sandstone core because the injected N 2 flowed through several layers with high permeability and negligible entrance pressure. For the Kimachi sandstone, the injected N 2 entered in only the 10 μm pores, which make up a small fraction of its total porosity, and consequently, the low initial gas saturation resulted in low residual gas saturation. For the Tako sandstone, the injected N 2 entered both large and small pores, which make up a large fraction of its total porosity. Therefore, high initial gas saturation can be achieved in the Tako sandstone.
